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[oooi] z<nmmi*. &tettmm^mtt*m&xfmm£titcmK : 7'zm^x?^s* 





[ooo2] m^mm^A^^i&^^tc.fyicmm^mm^m^^xn^m^-(mf?x 
m<DmDmmmx&z> 0 

^^mOi/^TM-Z. BIR(Break-Induced-Replication) tmt i^^Mai)^'^^ 

xz.<Dmt)$:ft-rz>bm%.t>ivz> 0 

[0003] <ftf?X%kl : #^^8-504585 (W094/14968) 

^ItfFlfcfifcl :PNAS, vol.98, no. 15, 8255-8262 Ouly 17, 2001) 
#WWtXffll2: Genes Dev 12, 3831-3842 (1998) 

[0004] *mwte, &mxm&ttmmtttMmmm}&£tit£2*mDNARxfiz. 
[0005] Bmtwttnz^&ftxcDmfc^nmMcDmffizm^^x, a& 
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w^btz. mm) i-^i-ip'fe, mm s ftit^ (b) Rxftttamcmmn 
ft#> K&m*mM (Ato ^^r^2^DNAgp^ (a-b-o t , mm<Dmffi& 

[0006] flp*>, A-^C&tfA'-C'XteA'-C' Sr^lpJ^iB^J^fcBH^J^tt 1 

[0007] -StfU A-B-aS-tfA'-B'-C' XiSA'-B'-C' £i&frftlK:lBai$*fc 

Ifi^J At A' «2V^CffiRIWJl^^ffi*2*^DNA"T**)0-C--*«Hfe*' 

4i a mmmtt'pte<th-m£t*i% mm&. etc tzKwztemmm&*.?itiste 
2^DNA-e&-p-c— &&mx\zttvxmjjfatemm£tt2&mnNAm)i&£ 

U rtbfe^WtCftic^)DNABa^j30S^fA^^rv>-CfciV\ )«r^ri-52*«DNA 

[0008] C<£J;5#2#iCDNAcW*LV>#|£l/{\ 
(DA-C-A'-C'OfiajlJ, 

( 2) a-c-d-a • -c • <omm > 
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(3) (0E , -A-^S.tJ«ai)A , -C , -E^L<«A , -C , -EOie»^|6]gB^I, Xtt(fli)A- 
C-E&tf (iv) E ' -A' -C ' #b< ttE ' -A' -C ' <?>MJjfomM s Xtt 

(4) D-E ' -A-C-D-A ' -C ' -E-D , D-E'-A-C-D-E'-C* '-A' *-D, D— A 
-C-E-D-E'-A'-C'-D. XfiD-A-C-E-D-C' *-A* '-E-DCOIE5U 

(5) A-B-C-A* -B'-C* (Dm&\ . 

(6) A-B-C-D-A* -B'-C' <DWffih 

(7) (i) E * -A-B-CRXJP (ii)A'— B'— C' -E^IX «A' -B ' -C * -E© ffl£$k 
X tt (Hi) A-B-C-ES t* (iv) E ' -A ' -B ' -C ' SglX ttE ' -A * -B ' -C ' ©3iMr ft B 

(8) D-E'-A-B-C-D-A'-B'-C'-E-D. D-E * -A-B-C-D-E ' -C ' '-B* ' 
-A' '-D, D-A-B-C-E-D-E'-A'-B'-C'-D, Xte D-A-B-C-E-D-C ' ' 
-B ' * -A" -E-rXDffi&l 

±mtmm-?h%o c' ' -a* ' &a' &m&mz&m£itfcWi&\&&u c-b' 
* -a" f*A* -b'-c' &mxfaizmm£&itmm*m'to ) a^jfcs 2*«dna^ 

[0009] 0a*.tf. (i) tcwu Ac-c'A'-Act£H<Dm?t&>n^u ^tn±m\zmm(Ac) &3 

C ' A* ) Off *|i:-9J»HHSf A*Tfttf . (2) CO AC— C ' DA' -AC£#5o 

A-A-A'-A\ (2)A-A-D-A'-A\ (5) A-B-A-A'-B'-A\ (6)A-B-A- 
D-A ' -B ' -A* fa k*-V&% 0 
[0010] &1t, #38WH\ _L|B(1) - (8)©V vf tb*^2^DNA^tp|a^X-<^— 

;*3SWtt±fB(l) (2) (5)Xf*(6)02^DNA^^A^«^^ 
-?fc5o (1) (2) (5)X«(6)02^DNA«^-fe^(^A'r50^iiUTV>5o 
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~<DmF\ ^5 A-C-D-A ' -C ' X teA-B-C-D-A' -B ' -C ' (5$;^ fB^S-LlBi: 

[z^Y^ur—^^m ZitZZ. bi> w*uv >„ 

[0011] ##W«, ±|E (3) (4) (7) XtZ (8) «D2#^DNA^S^A$tlfcmife^9 

[0012] ^m<D^m^m^^xmm<Dmt\^xmm<Dm^xn^^^m^^xm^< 
[0013] ##^co, i&te^mmm<D2*imDNAtt.. 

(i)A-B-C > .&.tf 

di) a' -b ' -c ' jlua ' -b ' -c ' ZM* r&j izmmzititmm 

tf£V\> ) ^-f^^DNA-Cfc!^ ^b<«±|5(l)-(8)<^V^ttA^27|s:^ 

[0014] dOA<^A , «5V>}Ct§|^^mm^Br^27|s:^DNA, ^L<}iP-|B^J<D2^: 
PDNAT-feSo AbA'temmm*90%&<±X'tbZZ.bi)W^\ JEt^> AbA' <7>0 



t 

« 
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etc' liAbA* bffl&OMmz&Zo H^, AbCbt±mw$x>Tb£\\ 

[ooi5] BbB' <D'j>te<tb—x, ^b<«BtB' (Dm^izmmMft-eh*), ^tveth—m 
no-. z(Di$ft}zmmmfcmtett&ti:<bh~^t?zb&£m&v<. b^b' 

Vimfc^blsXtt:^ #3£<Dleu2<k T^-^-^tSMtrpl, ura3, DFRljtfc^^ 

C<db£B' WtfllfcSjtvCfciv \, Z<Dm&fci±AbC<D'J?t£<b*>~jj$:Mm S ftit 

[0016] VteHO^l/h*X*UT—^<DWmmmiW(MTrHOcsibh^ ) no® 
[0017] EttTWTE*! (^T TTELj £*>V ) ^^TgB^J tf±telomere^r^J5fe$ 
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[0018] ^.ft^mm^^muNAic^^x, mi>&<D$h&<Dm&frt>A~cmkA' -~c m 

ffllZ&M<DDNAmn&ffiA£tlX\<>Xi>3:V\ Z<D£?temPlbl,X, centromere ( 
^Tl"CENjirV^ 0 ) N autonomously replicating sequence (SIT TARSj <tV "»5 0 K 

CENiBJlIf*^ <^<9ffefe#Ji^centromeregB^J't?t>&l> (^|S^Hife^|-e«4#|fe 

£*V3 0 A-B-C(Xt*A-C)kTEL<DM, Xf±A , -B'-C'(Xf*A'-C , )^V^f*^:(DJS»f6I# 
mimtTELOm^ OV ^Kllojf X$tl5^^^uv\ ^OCENirARS^jf 
A^S^-fS, vectori^^nbtt-^S^^-ef^^V^^-e. — ja£#J&ffUB 
vector (#JpBR322 N pUC series, pBluescript series, pGEM series^^rffiV^Srt^ 

[0019] ARSBH^jfi, ^mmmm^xm, i?<Dm&ft±<D¥<DARsmmxh&\ mz. 
£ymmmy>amw£tiz>o A-B-c(xteA-c)kTEL<Dmi>\ a'-b'-couza'-c) 

m$i^—%—kVXn, URA3„ HIS3, TRPK ADE2, LYS2^#ff i^fi^ o B(D ^ 
A-B-CirTEL, A'-B'-C'l#r\,^tt<Dm\i>}$(DmmkTEU k^2Wm.<D$m^®Lk 

HO csOK^fii^ AZttf&^k&mtC^W 

[0020] mtettm^ttzittbfcH:. ±m<D£5\cMj$ t £ftiz2*mDNA&n®$mte'?' 
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[0021] itte^i#i|g£>fcfc K2#£tDNA£#A^-5:^*$K£LTf±, mono copy 

plasmid^ffiV^'iioSgf^U/X, itOmono copy plasmidttas CENfB^J&rMRSlE^lJ 
$:W"?"5plasnud&lc9fcL % gg#:mono copy vector % YCp50 % pRS313 

, pRS314, pRS315. pRS316, pRS317, pRS412, pRS413 s pRS414. pRS415. pRS416, 
pAUR112> pAUR123^)^2SW£>*L, tttMmiW&MARSmbhmnCENmM 
^rS'J^if Ai"-5#-^«. «*<£faJf5vector(01J;U*pBR322, pUC series (pUC18, 
pUC19) % pBluescript series (pBluescript II) % pGEM series (pGEM-SZO^Sr^V^r. 

[0022] 2#«DNA£LT«fctf ±SBE?y (1) ^(5) £Sfefe^3gAUfc^k:Bu 

[0023] — ^ m%.t£±1EM&l (2) -^(6) &Sfe£#^AUt4t^{;itt:n^K^i/T— I? 

£9, l^^(C2^Ff-X?BIR^I^^tu5^^g-t9 x ?&2*Wi&>Z>m(*—V 

[0024] 2#$lDNAlCiE^J(l)^(5)£MV>5^\ ^lf*g^n— ^©tiiaillj: 

> 2^DNAJCSH^IJ (2)^ (6) i^^K^^T— if^ffiV^#^±^{g< % 5#<D1 

[0025] ±|Sga^l (3) (4) (7) X« (8) Sr^^K(e:^Ab^:«^tjJ®SiJ6<)^±BBt Htito 
SJS^jBrS, SB^J (4)^(8) ^7^K(il^Abfc^Oii(ii^W}il-24^ra 



■ 

* 
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M&xhz> 

[oo26] z.<D5afc<nmT®mz%>\,->xtz. ^fi^ti^rnxmrn^nrcM^iBbB')^ 
HJfefl) i 

[0027] H3±»K^i-J:5K:, 2f@£>HOgfi?U (DSB. E#l##l) lCi*^;fcURA3i*&?- 
(E#l##2) „ 2M(Offl^»*^A+iPIia3?U(YF257394-YF258454(E^!|##3 
)&tAT267165-YF268121 (SH^U#-^4) , GeneBank Accession ID; NC 001138) , 



1 

* 



-I 
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[0028] MMM lX*ffimUtmm&fo&, HO^V^UT-^^R^GALy^— * 

^®ISfefe#:DNA$rPFGE (Pulsed-field gel electrophoresis) n^FIGE 
(Field-inversion gel electrophoresis) iC-fcoT^ttiU £jtf«@p3(iXhoIlU:o-C*g 

[0029] ^^/U^<^/V=t— xm^mi&Xmm£ft±?*—X$D-UrfL, HO^Y^U 

SG-Leu, HO^F^UT— \£3&gMW) fcoVvC„ y^n— :/£LTleu2d £rfflV>T 

,PFGEt3ia;oT^m$^fc^^DNA^^T^n^y/vm^^»I^J:oT^m$ 
tifcXhoI?^>f^(7>DNA^«rLfCo ^<D^Sr®5{C^i- 0 Atem&ttDNASr 

PFGEfd-c#8tLfc%© % B(*xhoi^b^cDDNA$rT^fo— ^y/vS^#:»j(c-c^- 

iMf vynyhfejc £zmmmto<DM : mffi&mete7f;'r 0 A^PFGE-e^ni 

$ttfcJfefe*|cDNASrRET27 p n— ^SrffiV vrAWf Ufcfc©» B«FIGE^?^Ht$ttfclfe 
-fe^DNA^rleu2d^o— ^^ffl V >T fl^bfck^Sr^l - * 
[0030] *<Djm%i%:(®5) leu2dWf>t«rfflV^03ife6fl:^-»3fe«$^TV^1& 
33lffl]ISflcLS20fc:teVN-CW:. #J345 kb(7>^3^fe^8.9Jlt>^12.5 kb^XholBiW 

^tti^tvyto — Ho^^K^wr~^i§^^urv^v>^*j-Mia5^)3, 

4W- ^] T?^i#i|g^^S#A$Hfc292 kb(^ij6^^#: tattle S*-T-5 11.6 kb 



it 
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S5Bt;i:iol^Ctt:, leu2d probe^ttl^^XhoI^ (4.4 kb, 6.4 kb, 8.2 kb, 10.3 
kb) tm&ZfrZ* 

35, 43, 44, 47, 54, 58, 63] «ft*i i&m<D^&3O^80£*W5j§*><D 
[0032] B2P[W— ^ 45, 49, 56, 57, 66, 70, 72] ^m*FGEffi$rtejS\t^X&%\Zffi.\/^>y 

ffiflefcKflfflaaiSr^ri/cv ^ariis^ift*^ '>4<^i+3if- ^±coieu2d^ 

rtL^I*AlJl*3V ^X^650kb^±W^-gf PS^i^^W^5£{^^^^5tV ^tf-TjV*; 

^teiffftK^WLTV^tfiLfrfiSo A<0JBMffi4fc<0lMXa»e> % clone66{i 
13 copy, clone49J329 copy. clone57&38— 54 copy, ^;fri^f2^;ft4J*±<£>leu2d 

[0033] JK3»[U— > 36, 38, 42, 46, 48, 50, 51, 53, 55, 59-62, 64, 65, 67-69] f* v Jgfg 
bttfu FIGE#*r©|&J^ ^<£>3¥t^23.5 kb<Dft+&mm£tlfZ- (EI6B) . 

J:iE^<©^J!&t*£^t?Sg4#meu2d^^ 



•I 
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[0034] HrMtmi 

o 

« 

r©Jtttff!l-CW:, B9lz^*tg:3fc\ BIRRj&aSjg£ki\ &£r?4ttfc&*iB&tt*» 
HJg^J 3 

[0035] mmmixmmutmmmm^ 2^<dhoib?u (m&mm) iz8&titcmAz 

?(| (YF257394-YF258454(ie^lJ##3)S.U f YF267165-YF268121 (B#|##4) , 
GeneBank Accession ID; NC 001138) x it<g^^—^7«—jt^ J Pleu2d(gfl?!|##5 

64^(1^— V 77—80) <Dnn=— £o9±tf\ I^Ci&i&-eJf MUt^, #^tr— V© 

o 

-t©j|**SrBI 1 ltc^i". m*. (A) W: *©**flc»Ufct>0\ (B)ttXhoIfBII£S£l? 
4 

[0036] 012(A) |C33%i-J:5tC, 7"^$KpNo42IR(from Dr. Butler DK (Montana State 
Univ., Genetics 161, 1065-1075 (2002)) IC, 3l@£>HOgE?IJ(DSB N gfi?IJ#-£-lK 
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URA33tte^(ga2W§-2K ARSlit^(|H?IJ#-^6), LUCit^-(Sa#l##7X 

cEN43t^^(ia^j#^-8), GFPmfc*(mpm%-9\ Rxfmmm$i^-*-mtt 

Frozen-EZ Yeast Transformation II : ZYMO RESEARCH, Cat No. T2001) £rfflV vf 
± |C*rT5 tti3W#*nJtelt*(LS20) (d^ALfCo 

Wra^Bgft-efccfc. 4 0-59 <r>'<k, w~—m$3kz-ito &Mwts m 

^(-^^3 (2%) ^iti^itut**^ 

[0037] £<£>?fc&ft:DNA£'PFGE (Pulsed-field gel electrophoresis) £>5V ^fiFIGE 

(Field-inversion gel electrophoresis) (C£oT£HBU ^WRRW^XhoIlCioTai 

#rUt 0 *1f>^Pyhj&lcj;5*«*4fc©«3e^^Hl3tJ^t-. A«PFGE-e5> 
8t&;frfc2fefeffcDNA£rRET27 p n— V ^Tfl?#f Lfct>£\ BfiFIGE^gl^^fc 
!fe-fe#DNA<£rleu2d:/Ei— ^SrfflV ^XMffi L,fcb<D%:B1~o SD-UrateUra£r^3:&l * 
^=3— ^^^-e^^Lfe^n—^, SG- Ura, LeufiLeu-Ura-^f^h— ^i&ift-e^ 

[0038] ^tf>^tbl2U;«9, ^W^^7^^KpBIA(0^^|flJ^(DSB)S^»fi-5^ttCj;!9. 
Iue2d3t^£r3-5=3f— *t*SUTV^-5r.i:dS|git)P>tb5. 

013 (A) COSD-UraO-^^/U^^V ^T, ^DNA(D^17— 19kbOS^<^^^^ 
(C^^/^^KpNotBIAipBL^^g&^o — E113(A)(^SG-Ura, Leutf>$J 
12-20 kb£>#:@^ BIA^^/V-C, L30>t>t^S/>>:£jg&{^;fcUh:=ii3^— td 



•t 
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&&ib&4tt>*z 0 £fc, ^(Dm^rtmm^itmu mi^c^-t^^ 13.39 b P <z>>b 

(DmertdMtett^K 0 — . 18.85 bp^t^ttSafc"— Lfct>tf>£:#X.£>n5o 
[0039] lfci&fltl2 

mH^J4^[^^<o^^K ( Rt^3t^^v>T0i2 (B) <Dm$.<D-7y^b* 

#7?h—xmM0kWT~?(DmMM4bl£®tM2<D7'7X*}? (pBlAS^pNotBIA) £: 
^i-6®(LS20)d^#ibtVfcLeu + Ura^ tf=-»it l&L/io ^:<7)^mSrEI15^ 
^i"o ^7^KpBIA£rffl V , iiifig^^< 5 fft>tu-CV>5^^s^^o 

[0040] *mw<D2itmr>NA&m v 4ii«)-C3My;C M»Jffl-Citfc^-*ttg£- 

ojK-f^^ g-csf, ttfl^wtt^te«^*©*i»i^-BriB-ea>5. 

[0041] [01]BIRS:^^-XA^-r0T?fc5 o 

[02]^KO2^DNA<??0*L,Vfl|^Sr^i-0-efc5 o AfcA'&tfCfcC* fS2 

T^i- 0 DSB(Double Strand BreakM2^m.WWr^Wft:^To 
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[012]||Jte^!l4T*fflV>^^5K P BIAi:pNotBIA<7)#|fife?Sr^i-|g-e$>S o 

m 15]7"7^K (pBIAS.t^ P NotBIA) 5r^-r50(LS2O)i>e>#e>tv/cLeu + Urania 
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[i] A-cRxfA , -c , xnA , -c , ^m^^mm^itmm(.^'p. AtA'ttEvsc 
2*mi>N Affix, etc' t*K\<^cmmfoM&z-^mte2&mDNAv&^x-jf* 

[2] A-B-C&tf A' -B' -C' X\*A' -B' -C' {CgE^-Br/cSd^J OCT , AtA 

' ^c*s iii^m^^^ii^2^DNAT?feor--^^^*j-b-ci^^fRi 

tz<kh-m-3t?mmu&, etc tem^temmm&ttm*z2$:mDNAXh^ 

iDNA, 

M tfffEB^B' 7bm\zm-%mzmmvt£mmmwkte*^t?m#m3iz.m&<D2 

*iDNA. 

[5] A-C-A'-C' (5£<K |B-^«_h|Bfc^-C^o )Oge>?iJ*^^W^l^^ 
2^^DNAo 

[6] A-O-D-A' ~C' (i&tp s Dn^Zs\?^UT—^\Z£Z&mmffi$:'>ti:<kb—<>& 

[7] a-b-c-a'-b'^c* m^i*±.mtmmx&z> 0 )(Dmm^^n^m2 

[8] A-B-C-D-A'-B'-C* Dl*^VK^^l/T— ^^±S§3Kff©gFrSr^^<i:^ 
&f£3f»;fc:® 7 fdlEifetf) 2^^DN A, 
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[9] E ' -A-C&tfA 1 -C ' -E5gL< f±A' -C ' faMM , Xi^A-C-ERlfE' - 

[10] D-E ' -A-C-D-A ' -C ' -E-D, D— E ' — A— C— D— E ' — C ' '-A' '-D, D-A-C- 
E-D-E'-A'-C'-D, X \t D-A-B-C-E-D-C ' '-B* '-A' '-E-D(:£* % C 

'-a* ' f^A'-c ^i^^fRjga^j^i-o ) <Dmm*tb&z>mMm9Kmm<D2&mx> 

NAo 

[11] E'-A-B-C^^A'-B'-C'-E^^fiA'-B'-C'-E^^^Jfa^J, Xi*A-B 
-C-ES.tm' -A' -B' -C* 3mX ttE'-A'-B'-C ' O^l^fE^J (=i£<t\ E^u 

[12] D-E'-A-B-C-D-A'-B'-C'-E-D, D-E'-A-B-C-D-E'-C' ' B* '-A* 
'-C\ D-A-B-C-E-D-E'-A'-B'-C'-D, X ttD-A-B-C-E-D-C ' '-B' 

'-a* '-e-d^*, c '-b' '-a' ' ^a'-b'-c' (Dm^mmm^m-to ) <r>mm 

[13] IHjWI— 1 2 ^^^-^{C|B«gCD2^DNAiSr^tP*i.m^^^— 0 
[14] ftsfcJgl— 8<Z>1 vf;|xa»— ^tJlfE«6<02^:^DNA*S^A$ilfc^®^^o 
[15] ft J&3S9- 1 2<£>V ^i a tl,d^^^fSm02^DNAdS^A^ttfcmi^X^^$K 0 

[is] n^\4Km&<»mKmmfc*mi^%mm, Rxfm&mttmm-rz&m^ 

[17] StflEBa^J*5A-C-D-A'-C' X (*A-B C-D A ' — B ' — C ' (3$cp. la^te-hlEi: 



« 
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[02] 
(i) 



A C A' C 




(ii) 



A C D A' a 




(iii) 



D E' A C D A' C E D 




(iv) 



D E' A C D E' C" A" D 




(v) 




(vi) 



B C D A' B" C 




(vii) 



D E" A 



B C D A' B' C ED 




(viii) 



D E' A 



B C D E* C" B" A" D 
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[03] 



Amplification unit 



ARS609 
CEN ? 



YF257394 
-YF258454 




URA3 



strand 
invasion 



leu2d 



I 



1 



chrVI 
^^^pr 1 cub TEL 



HOcs 



YF267165 
-YF268121 





3 strand 
invasion 







Amplification 
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[04] 




(kb) | 
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